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Summary 
Male asparagus (As仰ragusofiαnalis L.) individuals outyield female plants through production of 
many spears. This isalso true empirically for the dioecious， wild and edible plant， shiode (Smilax old-
hami Mig.) . This study was carried out to examine differences in the expression patterns of isozymes 
between female and male individuals of shiode and asparagus. Isozyme banding patterns of esterase， 
malate dehydrogenase， acid phosphatase， and glucose-6-phosphate dehydrogenase in native polyacryla-
mide gel electrophoresis were different in female and male individuals. The isozyme patterns of esterase 
and acid phosphatase also differed between the female and male individuals in an isoelectrofocussing 
analysis. Thus， the isozyme banding Patterns may be used for distinguishing the sexuality of dioecious 
shiode and asparagus individuals in the early growth stages. 
key words : Shiode (S削 laxoldhami); asparagus (Asparagω ofi口問lis);electrophoresis ; isozyme 
Abbreviations : IEF isoelectrofocussing ; NADP s -nicotinamide adeni町 dinucleotide
phosphate; DNP = disodium 1-naphthylphosphate; N-PAGE = native polyacrylamide gel 
electrophoresis; TEMED=N，N，N'，N'ーtetramethylethylenediamide. 
Introduction 
Both shiode and asparagus are dioecious plants from 
which young shoots are harvested as vegetables. Male 
plants of asparagus and shiode outyield f巴maleplants be 
cause the male plants do not produce berries or seeds 
Thus， male individuals consume less assimilates and 
nitrogen-containing ingredients than do female indi 
viduals (Malhotra， 1930) . in addition， male asparagus 
individuals outlive， outweゆ (throughformat問 1of many 
spears) ， develop earlier， and have greater longevity than 
female individuals (Robbins and Jones， 1925; Ellison and 
Achermerhorn， 1959; Ellison et a1.， 1960; Moon， 1976; 
Yakuwa et a1.， 1972) . Furthermore， mortality appears to 
be higher in female individuals than in male individuals 
(Bouwkamp and McCully， 1972) . However， populations 
of asparagus consist of both female and male individuals. 
To improve productivity， al-male asparagus populations 
have been developed (Franken， 1970; Sawada et a1.， 
1983; Sneep， 1953; Yakuwa et a1.， 1983) . However， 
flowering occurs more than one year after seeding in 
asparagus (Yakuwa et a1.， 1972)， and more than 5 years 
after seeding in shiode. These facts suggest that selection 
of male individuals through seed-propagation is time-
consuming in asparagus， and specially time-consuming in 
shiode. Furthermore， these facts suggest that identifica-
tion of male individuals in the early growth stages and 
therefore establishment of all-male populations may con 
tribute to raising the productivity of shiode and aspara. 
gus. However， methods for distinguishing female and 
mal巴individualsin the early growth stages before trans-
planting are lacking， although isozyme analyses in aspar-
agus were conducted at the floweri昭 stage(Robbins and 
Jones， 1925; Franken， 1970; Maestri eta1.， 1991). 
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This study was carried out to obtain basic information 
for distinguishing female and male individuals in th巴巴ar-
ly growth stages through isozyme analyses. 
Materials and Methods 
Plant materials. Shiode is a wild and edible plant 
whose flavor and taste are similar to those of asparagus. 
However， shiode has no storage roots， such as the rhizo-
matous crowns of asparagus (Moon， 1976; Kim and 
Sakiyama， 1989) (Fig. 1) ， and therefore cannot be har-
vested periodicaly in one growing season or in succes 
sive years as is the case with asparagus. 
Thirteen female and 13 male root stocks of 4-year-old 
asparagus， cv. Mary Washington 500W， were sampled 
from a farmer's field， and 10 female and 10 male root 
stocks of shiode that appeared to be of the same age as 
the asparagus were sampled from naturally growing 
areas. The sexuality of the root stocks was confirmed in 
l.992. ln 1993， 0.5-g samples of 3-month-old unfolded 
asparagus leaves (the 2nd and 3rd from the top) and 
l-month-old partially unfolded shiode leaves (the 1st 
and 2nd from the top) were frozen with 1叩Iidnitrogen， 
freeze-dried and ground with a mortar and pestle for 
isozyme analyses. 
N-PAGE. 
P旬tarati開 01情。terials.Proteins for N-PAGE analysis 
were extracted from the leaf powder， using 2.0 mL of ex 
traction buffer containing 10 mM Tris-HCI (pH 8.5) ， 
30% glycero¥， and 0.15% Triton-X 100 at O.C according 
to the method of Abe and Futsuhara (1989) with minor 
modifications. The homogenates were centrifuged at 
Shiode 
14，000 X g for 20 min at 0 .C. 
A modified polyacrylamide-slab-gel was adopted 
according to the method of Laemmli (1970) w凶 mmor
modifcations. The separating gel consisted of 0.375 M 
Tris-aminomethane (pH 8.8 to 9.0) ， 10% acrylamide 
plus 0.27% bis-acrylamide， 0.05% ammonium persulfate， 
and 0.005% TEMED. The stacking gel contained 0.0625 
M Tris-aminomethane (pH 6.7) ， 6% acrylamide plus 
l.5% bis-acrylamide， l.0 mL of 0.0005% ribof!avin， 
0.05% ammonium persulfate， 0.005% TEMED and 2.7 mL 
distiled water. The buffer solution for electrophoresis 
consisted of 0.025 M Tris-aminomethane (pH 7.9) and 
0.192 M glycine. 
IEF Analysis. 
Pγeμration 01 materials. Protein extraction from the 
leaf powder for IEF was conducted with the addition of 
10 mM Tris-HCI buffer (pH 8.5) ， 2% ampholine (pH 3.5 
to 10.0) ， and 30% glycerol according to the method of 
O'Farrel (1975) with minor modifications. The IEF gel 
solution contained 5% acrylamide， 0.02% N'-N'-bis-
methylene acrylamide， 1.33% glycero¥， 2.7% carri巴r
ampholyte， 0.015% ammonium persulfate， and 0.013% 
TEMED. The anode buffer solution was 1 M H3P04， and 
the cathode buffer solution was 1 M NaOH. The gels 
were run for 1 h at200 V and then for 2 h at 300 V. 
Staining solutions for the different isozymes in the 
N-PAGE and IEF gels were as follows. 
Esterase. 
Three mL of 6%α-naphthylacetate， 3 mL of 2% s 
-naphtylacetate， 10 mL of 1 M potassium phosphate buf. 
fer (pH 7.0) ， and 100 mg of Fast Blue RR were dis-
Asparagus 
Fig. l. Root systems of shiode and asparagus. Arrow on the right indicates 
the storage (Rhizomatous) root. 
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solved in 100 mL of distiled water (Kahler and Allard， viduals of asparagus， while one band was expressed in 
1970; Shahi eta1.， 1969). the male individuals. The faster migrating isozyme band 
Glucose-6-phosphate dehydrogenase. in the female individuals exhibited a higher activity， and 
Ten mg of disodium 6-phosphogluconate， 2 mg of was specific for the female individuals (Fig. 2A， right) . 
NADP， 2 mg of 3 (4，5-dimethy I-thiazolyl 1-2) 2，5- Malate dehybrogenase. 
diphenyl tetrazolium bromide， 2 mg of phenazine metho- Isozyme bands in the slower migrating domain were 
sulfate were dissolved in 10 mL of 0.1 M Tris-HCI buf- broad in both the female and male individuals of shiode 
fer (pH 8.0) (Bender and Ohno， 1968). (Fig. 2B， left) . Two isozyme bands were expressed in 
Malate dehydrogenase. the female individuals of shiode， while four isozyme 
Five mL of 0.5 M Tris-HCI (pH 7.0) ， 0.9 g of 1 M bands were observed in the male individuals. The slower 
sodium malate， 30 mg of NADP， 17.5 mg of nitro blue and faster migrating isozyme bands were expressed 
tetrazolium， and 2 mg of phenazine methosulfate were weakly in the male individuals. However， these two 
dissolved in 50 mL of distiled water (Shaw and Koen， isozyme bands were specific for the male individuals of 
1968) . shiode (Fig. 2B， left) 
Peroxidase. 
One hundred elevenμL of guaiacol (O-methoxy-
phenol) and 3.93μL of 30% H202 were dissolved in 50 
mL of 50 mM sodium acetate (pH 5.0) ， (Abe and 
Futsuhara， 1989). 
Acid phosphatase. 
Sodium acetate buffer (2.5 mL， 2.0 M， pH 5.0)， 0.5 mg 
of 5%αーDNP，0.5 mg of 3% s-DNP， and 100 mg of fast 
green GBC were dissolved in 100 mL of distiled water 
(Shahi et al.， 1969). 
Results 
Twenty six female and 38 male buds were analyzed for 
isozyme banding patterns in shiode， and 37 female and 
62 male buds were applied for isozyme banding patterns 
in asparagus. The same expression patterns in N-PAGE 
and IEF -analysis for each isozyme were observed 
throughout al the materials used. 
N-PAGE 
Esterase. 
One anodal isozyrne band was identified in the female 
individuals of shiode， while two anodal isozyme bands 
were identified in the males. The single band in the 
females appeared to be the same as the slower band in 
the rnales. The activity of this band tended to be higher 
in the fernales than in the rnales. The faster rnigrating 
isozyrne in the rnales had a lower activity than that of 
the slower band (Fig. 2A， Ieft). 
Two anodal bands were identified in the fernale indi 
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Fig. 2. Native polyacrylamide gel electrophoreses of 
four enzyrnes. 
Arrows indicate diferences in the isozyne 
bands between the female and male indi-
viduals. 
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Four isozyme bands were identified in the female indi-
viduals of asparagus， while five isozyme bands were ex-
pressed in the male individuals. One of the slower isozy. 
me bands of the females and two of the slower isozyme 
bands of the males were specific for female and male 
asparagus， respectively (Fig. 2B， right) . 
Acid phosphatase_ 
The slower migrating isozyme bands were broad in 
both the female and male individuals of shiode. Three 
isozyme bands were present i日 thefemale individuals， 
while four isozyme bands were expressed in the male 
individuals. One of the faster isozyme bands of the 
females and two of the faster isozyme bands of males 
were specific for female and male shiode， respectively 
(Fig. 2C， left) 
Four isozyme bands were expressed in both the female 
and male individuale of asparagus. The activity of one 
band of these isozymes differed between the female and 
male individuals. However， differences between the 
female and male isozyme bands were insufficient to dis-
ti時 uishfemale and male asparagus (Fig. 2C， reght) . 
Glucose-6-phosphate dehydrogenase_ 
One isozyme band was present in the female indi. 
viduals of shiode， while two isozyme bands were identi. 
fied in the male individuale. One of the faster migrating 
isozyme bands in the male individuals appeared to be 
specific for male shiode (Fig. 2D， left) . Three削 zyme
bands were commonly identified in the female and male 
individuals of asparagus (Fig. 2D， r凶1t). 
Peroxidase. 
One isozyme band was commonly present in both the 
female and male individuals of shiode. Three isozyme 
bands were also commonly observed in the female and 
male individuals of asparagus. The activities of these 




Isozymes were distributed in a wide range， but al the 
male isozyme bands wer巴 faint.Twelve isozyme bands 
were identified in the female individuals of shiode， while 
thirteen isozyme bands were present in the male 
individuals. One of the faster isozyme bands in the 
A B 
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Fig 3. Isoelectrofocussing analyses of two enzymes. 
Arrows indicate differences of the isozyme 
bands between female and male individuals. 
females and one of the slower bands in the males were 
specific for the female and male shiode， respectively 
(Fig. 3A， left) 
Seven isozym巴bandswere identified in the female in 
dividuals of asparagus， while five isozyme bands were 
expressed in the male individuals. Two alkaline isozyme 
bands were markers of female individuals of asparagus 
(Fig. 3A， rightl. 
Acid phosphatase_ 
Seven isozyme bands were identified in the female in-
dividuals of shiode， while six isozyme bands were pre 
sent in the male indevid uals. One isozyme band in the 
faster migrating domain was specific for the female indi-
v出lalsof shiode (Fig. 3B， left) . 
Nine isozyme bands were identified in the female indi-
viduals of asparagus， while eight isozyme bands were ex 
pressed in the male individuals. The banding patterns of 
both the female and male indeviduals of asparagus were 
obscure. However， one acidic band in the slower migrat 
ing domain was specific for the female individuals of 
asparagus (Fig. 3B， rほht). 
Discussion 
The banding patterns of various isozymes have been 
used to classify the geographical distribution of rice 
(Nakagahara et al.，1975) ，and to identify species or culti-
vars (Jang et al.， 1991 ; Jang et al.， 1992 ; Lallemand巴tal.， 
1994) .Differences between the isozyme banding patterns 
398 
35 Isozyme Patterns of Shiode and Asparagus--T AZAWA . ABE . SASAHARA 
Table l. Summary of differences in isozyme banding patterns between female and 
























D indicates that the female and male banding patterns are diferent. 
S indicates that the female and male banding patterns are similar. 
from selfcrossing andromonoecious Mm plants， and the 
descendants with the Mm genotype show a hybrid vigor 
(Sneep， 1953; Colby and Pierce， 1988). However， main-
tenance of Mm genotype plants through seed-propagation 
is impossible due to genetic segregation. In addition， 
selection of the MM genotype andromonoecious plants 
and mm genotype plants is time-consuming because a 
test cross is needed to distinguish the MM and Mm 
genotypes (Franken， 1970). 
Restivo et al. (1995) indicated that one isozyme and 
three RFLP markers were assigned to the sex chromo-
some in asparagus. These results differ from the present 
results in which four isozyemes appeared to be associ-
ated with the sexuality in both asparagus and shiode. 
These problems remain to be examined in the future 
Thus， genetic establishment of all-male populations 
appears to be not necessarily easy in asparagus. In 
contrast， more than 5 years are required from seeding to 
harvesting in shiode. Therefore， studies on the genetic 
behavior of sexuality are very time-consuming in shiode. 
Consequently， rapid and simple procedures for identi-
fication of female and male individuals based on isozyme 
banding patterns remain to be exploited for asparagus， 
and espeとialyfor shiode. 
The sex chromosome constitution of asparagus is XX 
or XY genotype (Franken， 1970; Pi巴rceand Currence， 
1962; Maestri et al.， 1991) . Maestri et al. (1991) sug-
gested that one gene locus encoding malate dehyd-
rogenase is located on the X chromosome. Thus， the efi-
cient utilization of isozyme analyses depends upon identi 
fication and location of the genes that encode these 
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。ffemale and male individuals， and the breeding be-
havior of isozymes were reported in asparagus by Colby 
and Pierce (1988)， Maestrie et al. (1991)， and Santa M 
aria and Simon (1991). 
Differences in the expression patterns ofisozymes in 
the present experiments are summarized in Table 1. The 
isozyme banding patterns in the N -P AGE and IEF analy 
ses indicate that esterase， malate d巴hydrogenase，acid 
phosphatase， and glucose-6-phosphate dehydrogenase 
could be used to distinguish female and male individuals. 
However， the isozyme banding patterns differed between 
those of shiode and asparagus， and the peroxidase isozy-
mes showed no differences between the female and male 
individuals of either shiode or asparagus. 
Previous isozyme analyses in asparagus were con 
ducted at the flowering stage (Robbins and Jones， 1925; 
Fra此en，1970; Maestri et al.， 1991) . However， at this 
stage， the field contained both female and male 
individuals. The female : male ratio of the mixed popula-
tions may be either 1: 1 in progenies from MM X Mm 
crosses， or 1: 3 in the progenies from Mm X Mm (Rick 
and Hanna， 1943) . In contrast， the present results sug-
gest that the female individuals with the mm genotype 
may be eliminated from a nursery bed in the early 
growth stages， such as the seedling stage， based on dif-
ferences in isozyme expression. 
It is possible to breed asparagus populations that con-
sist of al male individuals through a cross between 
homozygous female plants with the genotype mm and 
andromonoecious male plants with the genotype MM 
(Rick and Hanna， 1943) . The mm g巴notypeis obtained 
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isozymes， as shown by Bender and Ohno (1968)， Kahler 
and Allard (1970)， and Maestri et al. (1991). It is es pe 
cially important to identify whether genes encoding 
isozymes are located on the sex chromosomes. These cru 
cial problems also remain to be examined， although al 
the genes encoding isozymes are not located on the X 
chromosome (Maestri et al.， 1991υ) . ln addi江tωlon払1し， ge叩n
corπmbi口nationsin populations of the d ioecious plants are 
highl匂yheterozygous. However， the isozyme banding pat-
terns definitely differed between the female and male 
individuals. This appears to indicate that the materials 
in the present experiments were sampled from equilib-
rium populations that follow the Hardy-weinberg law 
and/or from genetically homeostatic populations (Lerner， 
1954) . Furthermore， some genetic drifts may have occur 
red in both the shiode and asparagus populations due to 
their small size. 
Thus， the next objectives are to confirm the present 
results through the examination of many plants in a 
population， although the population size of asparagus is 
very small in japan. This isalso true for the shiode used 
in this study， which was sampled from naturally growing 
areas. The present results indicate that surveys of gene-
tic variability in dioecious plant populations based on 
isozyme or gene markers will allow new and attractive 
research possi bilities. 
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Isozyme Patterns of Shiode and Asparagus--T AZAWA・ABE. SASAHARA 
雌雄異株植物であるシオデおよびアスパラガスの生育初期における
雌雄のアイソザイムパターンによる同定





一般にアスパラガス (Astaragusofici叩 lisL.)では雄 ブポリアクリルアミドゲル電気泳動を行った後に，エス
株の方が雌株より生産性が良いこ とが知られている.こ テラーゼ，リンゴ酸脱水素酵素，酸性ホスファターゼ，
のことは同じ雌雄異株植物である山菜のシオデ (Smilax およびグルコース 6ー リン酸脱水素の活性染色を行った
oldha側 Miq.)でも経験的に認められている.本研究は， 結果，アスパラガスおよびシオデの雌雄間で差異が認め
雌雄異株植物であるアスパラガスとシオデにおけるアイ られた.等電点電気泳動後に各種酵素の活性染色を行っ
ソザイムパターンの差異を調べ雌雄の判定ができるかど た結果では，エステラーゼおよび酸性ホスファタ ーゼに
うかの基礎的知見を得ょうとしたものである.幼植物の おいて，雌雄間で差異が認められた.以上のことから，
茎葉部から抽出用の緩衝液で粗タンパク質を抽出した これらアイソザイムは雌雄異株樋物であるアスパラガス
後 2種類の電気泳動によってタンパク質を分離し，そ およびシオデの雌雄識別の基礎資料になると推察され
の後それぞれの活性染色を行って差異を調べた.ネティ る.
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